Abstract. The MiCRAM project has been developing detailed neural models of the inferior colliculus (IC) as the basis for understanding the neural networks that underlie early auditory processing at that level. The initial phase of this project has been to develop biologically plausible models of the physiologically distinct cell types of the IC. This has led to the recognition that some of the gross behavior that produces delay sensitivity may be the result of detailed dynamic interactions between multiple channels.
Introduction
The MiCRAM project is a collaborative study involving the Universities of Sunderland and Newcastle in developing a biologically plausible model of auditory processing at the level of the inferior colliculus (IC). This is being done to clarify the roles of the spectral and temporal representations in the IC and investigate how they interact with auditory processing to focus attention and select sound sources for analysis.
The IC is organized tonotopically into parallel frequency lamina, each with a collection of disc and stellate cells with a variety of response patterns to pure tone stimuli [1] . The IC might be seen as a large set of full and partial spectral representations. Sound sources at different locations or with different characteristics activate the IC spectral representations differently for different sound sources. Understanding how this takes place will provide insight into the auditory processes in acoustically cluttered environments.
The first step towards this goal is the development of biologically realistic GENESIS [2] models of individual IC. That requires us to explore statistically valid models of the firing patterns of these cells.
A number of research groups are doing research into the area of statistically valid cell models [3] [4] [5] . Since spike trains are binary in form, evaluating goodness of fit is more difficult than for continuous processes [6] . Although IC disk cells fire in a reliable way to repeated presentations of the same stimulus, they often respond quite differently if the intensity or structure of the stimulus is changed, which makes it difficult to use quantitative models to classify these cells [1] .
The PSTH classifications in Rees, et al [1] emphasize the spiking rate modulation of IC cells in response to pure tone stimuli in vivo and so reflect the cell's membership in neural networks. This can be seen most clearly in pauser cells that spike a variable number of times initially, then become quiet for a period, and finally spike continuously or at a modulated rate (Figure 1) . Afterhyperpolarisation can produce a similar but distinct pattern (Figure 2) , that is more regular with a single spike reliably appearing in each burst. The contribution of specific membrane conductances to the generation of these response patterns has been reported by Sivaramakrishnan and Oliver [7] . The MiCRAM program is modeling these cell types to explore their dynamics and incorporate them into large scale network models of the IC.
Methods
The MiCRAM program models these cell types using the GENESIS neural modeling tool. The channel properties are based on the models in [8] . The simulations replicate their experiments, with a medium goal of constructing networks of different classes of these cells. 
Results
Generally, we have been able to replicate in GENESIS simulations the firing patterns described in Sivaramakrishnan and Oliver [7] . Of some interest are the dynamics of the currents in rebound cells. Those cells respond to the end of hyperpolarizing current injection with a membrane potential rebound to values more depolarized than the resting potential of the cell. This 'rebound hump' is believed to be produced by the interaction of relatively slow voltage-activated Ca++ channels with the Na+ and K+ Hodgkin-Huxley (HH) channels that drive spike generation. Error! Reference source not found. illustrates the underlying conductances and the resulting membrane potentials in our modeling. In vivo the Ca++ rebound appears to be a simple hump of depolarization with superimposed spikes, but the modeling suggests that it has a more complicated internal structure, involving the damping of a forced Hodgkin-Huxley system by Ca++ conductances.
Discussion and Conclusions
The rebound spike mechanism has been suggested as playing a role in measuring time delays between sounds [9] , and the detailed interaction between channels that we have modeled with GENESIS may play a role in decreasing the variability of the timing of the rebound spike. Live animals seem to perform accurate measures of time delays between sounds-jitter sensitivity of 10-100 nanoseconds has been reported by Simmons, et al. [10] -and this channel mechanism may underlie auditory time delay hyperacuity.
